Pig heart fumarase contains two distinct substrate-binding sites differing in affinity.
A eukaryotic fumarase is for the first time unequivocally shown to contain two distinct substrate-binding sites. Pig heart fumarase is a tetrameric enzyme consisting of four identical subunits of 50 kDa each. Besides the true substrates L-malate and fumarate, the active sites (sites A) also bind their analogs D-malate and oxaloacetate, as well as the competitive inhibitor glycine. The additional binding sites (sites B) on the other hand also bind the substrates and their analogs D-malate and oxaloacetate, as well as L-aspartate which is not an inhibitor. Depending on the pH, the affinity of sites B for ligands (Kd being in the millimolar range) is 1-2 orders of magnitude lower than the affinity of sites A (of which Kd is in the micromolar range). However, saturating sites B results in an increase in the overall activity of the enzyme. The benzenetetracarboxyl compound pyromellitic acid displays very special properties. One molecule of this ligand is indeed able to bind into a site A and a site B at the same time. Four molecules of pyromellitic acid were found to bind per molecule fumarase, and the affinity of the enzyme for this ligand is very high (Kd = 0.6 to 2.2 microM, depending on the pH). Experiments with this ligand turned out to be crucial in order to explain the results obtained. An essential tyrosine residue is found to be located in site A, whereas an essential methionine residue resides in or near site B. Upon limited proteolysis, a peptide of about 4 kDa is initially removed, probably at the C-terminal side; this degradation results in inactivation of the enzyme. Small local conformational changes in the enzyme are picked up by circular dichroism measurements in the near-UV region. This spectrum is built up of two tryptophanyl triplets, the first one of which is modified upon saturating the active sites (A), and the second one upon saturating the low affinity binding sites (B).